THE CENTRALITY OF PROTEIN complexes and transient proteinprotein interactions in cellular physiology is becoming increasingly clear. Although one can readily demonstrate proteinprotein interactions with nonphysiological approaches such as immunoprecipitation, it has been more challenging to show transient interactions in the cytoplasm, demonstrate the specific protein regions involved in the interactions, and dissect out the physiological role of the interactions. Although there are a multitude of such protein-protein interactions in the cytoplasm, one particularly promiscuous binding partner that is found in the plasma membrane and that has gained considerable attention is the family of caveolin proteins. Caveolins (-1,-2, and -3) have been extensively studied for their role in binding to components of cell signaling cascades and can have either stimulatory or inhibitory influences on such cascades (6, 13); caveolins also have a central role in regulating cell metabolism (6, 11). Caveolin-1 (Cav-1) has been described as forming mobile signaling platforms within caveolae by sequestration of multiple proteins through interaction via the scaffolding domain (CSD) found at residues 82-101 within the NH 2 terminus. In most cases, interaction with the CSD of Cav-1 either maintains the signaling protein in an inactive state until a stimulus is presented or terminates signal transmission after activation. The CSD is critical for caveolin homo-oligomerization and for interaction with a wide variety of caveolaeassociated proteins (4, 13).
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Although there is a growing catalog of interactions of caveolin with protein partners, to understand the role of those interactions it is essential to identify the regions of interaction between the proteins, the effect of binding on cellular localization, and the effect of binding on cellular function. Transient receptor potential channels (TRPC) have recently been reported to localize within caveolae, particularly the canonical TRPC1 isoform (2, 10, 17) . In addition, other molecules crucial for calcium handling have been found to interact with caveolae, such as the plasma membrane calcium pump and the sodium-calcium exchanger (5) . However, few studies have been able to elucidate a particular cellular function (e.g., calcium handling) and decipher in detail the specifics of the organization as well as the functional role of the various interactions within caveolae ( been shown to be essential for store-operated calcium (SOC) entry (SOCE) in endothelial cells (15). The presence of TRPC1 in caveolae seems to constitute an important factor in its function as a regulator of SOCE. Disruption of caveolae, such as by methyl-␤-cyclodextrin, which removes cholesterol from caveolae, inhibits SOC channels (1, 3, 10) . Depletion of inositol-1,4,5-trisphosphate (IP 3 )-sensitive endoplasmic reticulum (ER) or sarcoplasmic reticulum (SR) calcium stores, via the IP 3 receptor (IP 3 R), is required for activation of SOCE (12); therefore these findings imply that caveolae expression somehow enhances the interaction between the ER/SR and SOC channels (e.g., TRPC1) (Fig. 1) .
TRPC1 has been shown to coimmunoprecipitate with Cav-1; other reports have demonstrated the presence of a binding motif for the CSD within the TRPC1 sequence, suggesting that TRPC1 exists within caveolae (2, 9) . Deletion of this binding domain suppresses SOC function, inhibits SOCE, and alters localization of TRPC1 in the plasma membrane (9) . In addition, previous studies have implicated that calcium store release enhances the association between IP 3 Rs contained within the ER/SR membrane and TRPC channels localized to the plasma membrane (7, 8) . Isshiki and Anderson (8) have proposed a model in which agonist-induced calcium store release brings both the ER/SR and caveolae in close proximity to enable the proteins associated with these organelles to interact and facilitate SOCE (Fig. 1) .
Sundivakkam et al. (14) report that the CSD of Cav-1 allows for the physical and functional interaction of TRPC1 located in the plasma membrane and of IP 3 R3 located in the ER with Cav-1 protein within the caveolae via the presence of CSDconsensus binding sequences in both proteins (Fig. 1) . By utilizing a Myc-tagged TRPC1 channel construct with a deletion of the residues corresponding to the CSD binding domain, the authors show that expression of this CSD-binding domain deletion mutant of TRPC1 (TRPC1-C⌬781-789) in endothelial cells resulted in a suppressive effect on thrombin-and thapsigargin-induced calcium entry and also suppressed the interaction between TRPC1 and IP 3 R3. In addition, the CSD-binding domain residues in the TRPC1 channel allows for proteinprotein interaction with both Cav-1 and IP 3 R3, as demonstrated by coimmunoprecipitation analysis with both the deletion mutant construct and wild-type TRPC1. To further understand the role of Cav-1 in the functional interaction of this complex, the authors asked whether CSD deletion influences the agonist-induced calcium entry by expressing a Cav-1 deletion mutant (⌬CSD) in human dermal microvascular endothelial cells and human embryonic kidney 293 cells. Expression of Cav-1⌬CSD, but not the wild-type Cav-1, markedly reduced the calcium store release induced-association between IP 3 R3 and TRPC1. To understand the basis of Cav-1-mediated association between IP 3 R3 and TRPC1, the direct interaction between Cav-1 and IP 3 R3 was characterized by analysis of the IP 3 R3 sequence; this analysis revealed the presence of CSD-binding motifs in both the NH 2 and COOH termini. As predicted, interaction occurred between wildtype Cav-1 and IP 3 R3, whereas Cav-1⌬CSD failed to interact with IP 3 R3, thus suggesting that Cav-1 directly interacts with IP 3 R3 via the CSD. Although immunoprecipitation suggested a functional role for the interactions, the authors used confocal imaging to characterize the functional and physical colocalization between IP 3 R3 and Cav-1. Together, these results provide an elegant demonstration that the CSD plays a crucial role in mediating the interaction between ER-associated IP 3 R3 and caveolaeassociated TRPC1 in the regulation of agonist-induced calcium influx (Fig. 1) .
The characterization of the interaction of the Cav-1-TRPC1-IP 3 R3 complex via the CSD of Cav-1 serves as functional evidence in support of a previously proposed model in which agonist-induced calcium store release brings both the ER/SR and caveolae in close proximity so as to enable the proteins associated with these organelles to interact and facilitate SOCE (8) (Fig. 1) . A recent report (18) used electron microscopy to demonstrate the physical proximity of the peripheral SR cisternae to clusters of caveolae in the plasma membrane of atrial myocytes, hence allowing stimulation of L-type calcium channels in the caveolar domain by IP 3 -dependent release of nitric oxide. According to this report, IP 3 -dependent calcium signaling might allow enhancement of local SR calcium release required to activate calcium-dependent nitric oxide production from subsarcolemmal caveolae sites. However, the molecular details of the protein-protein interactions that result in such functional advantage have not been elucidated.
The studies by Sundivakkam et al. (14) contribute new information to our understanding of the specific role of Cav-1 in the organization of calcium handling in endothelial cells and also provide a nice template for elucidation of the sites and functions of transient protein-protein complexes in cells. An elegantly simple combination of deletion constructs, immunoprecipitations, cell imaging, and cell physiological measurements was carefully coordinated to provide an example of how to dissect out the details of multiple protein-protein interactions and, more importantly, the physiological functions of those interactions. These new findings and the combined use of such techniques lead us to propose that investigators are now poised to open and decode the little black book of promiscuous partners, such as the caveolins, to understand the network of protein interactions that make cells function. Regulation of TRPC1 and IP 3 may be just the opening chapter.
